placed through the small upper mini-sternotomy incision, including homograft root replacement, stentless porcine valve, and the conventional stented bio-prosthetic and prosthetic valves. 5 As indicated, air is monitored by TEE. Table 2 describes the operations and valves utilized in aortic valve disease. Cannulation is usually via the distal ascending aorta and the right atrium via the right femoral vein percutaneously with a 24 Fr catheter or directly into the right atrium. Antegrade blood cardioplegia is used in the aortic root and then into the left coronary directly. Once the patients are weaned from bypass, the vast majority are extubated the same afternoon and spend approximately one day in the ICU. The average hospital length of stay is approximately 4-6 days.
Operative outcomes and late postoperative outcomes in 500 consecutive patients undergoing minimally invasive aortic valve surgery are summarized in Table 3 . The operative mortality was 2.4%. The length of stay, as compared to conventional sternotomy over the same period, is shorter than in the conventional sternotomy aortic valve group.
In the minimally invasive reoperation aortic valve replacement sub-group, totaling 60 patients, 36 had had a previous coronary artery bypass graft (CABG), one an AVR/CABG, 15 an AVR, 2 had undergone aortic valve repair, one had a double valve surgery, and one underwent mitral valve replacement (MVR) ( Table 4) . Operative outcomes in this sub-group show the operative mortality to be only 5%, but interestingly, no perioperative reoperations for bleeding occurred and there was a marked reduction in blood transfusion requirements. Table 5 summarizes the demographics in 460 consecutive mini-mitral valve surgical patients. This table also describes their etiology, which indicates that the vast majority in this series had myxomatous degeneration; however, every etiology has been operated on. The clinical series consisted of 402 mitral valve repairs and 58 mitral valve replacements. The mitral valve repair group included 4 robotically-assisted procedures. The valve and annuloplasty ring devices are listed in Table 6 . Table 7 shows operative mortality and outcomes. There was one mortality in 460 patients; 1/58 following MVR and 0/460 in the mitral valve repair group. One patient (the oldest in the series at 89 years) died following mitral valve replacement from multisystem organ failure. The operative outcomes also show that perioperative reoperations for bleeding are low and blood transfusion was required in only one-third of the patients in the mitral series. Length of stay varied greatly but, as shown in Figure 3 , improved over that of the concomitant group of patients undergoing median sternotomy for mitral valve surgery during the same time period. The operative outcomes table also includes late postoperative outcomes. Reoperations were required in 25 patients: 21 mitral valve reoperations and 4 other cardiac conditions. The mitral valve reoperations were related primarily to 3 causes:
Mitral valve surgery

Clinical material
• lack of an annuloplasty ring • rupture of a new chorda • extraordinarily complex pathology at the outset that could not be completely resolved.
Operative technique
Figures 2a to 2d shows the incision (a mini-sternotomy through a skin incision of 6-8 cms), cannulation technique, and operative exposure. Either a direct left atrial or a right atrial transseptal approach can be used, but at present, the left atrial approach is preferred. Patients are weaned from bypass with the removal of air guided by the TEE. The majority of patients are extubated during the same afternoon as surgery and the length of stay is relatively short. Figure 4a shows the actuarial survival after minimitral valve repair and 4b shows the freedom from valve reoperation in the patient group over a 5-year period.
Discussion
All groups currently performing minimally invasive mitral valve repair, 1-2 including the robotic repair 6 and port access experience, 7 have reported that patient recovery is faster and that overall, patients are back to work and normality much sooner. All types of mitral valve repair techniques, as well as aortic valve replacement techniques, can be performed through these small incisions. Aortic root replacement by homograft with coronary reimplantation has been performed as well as complex anterior and posterior leaflet repairs of the mitral valve. because of co-morbidities and the need for rehabilitation, have obviously required longer hospital stays. Most importantly, we have shown in a prior study of a 50 patient-matched series (mini vs conventional) that patients in the mini group recovered weeks faster, went back to work weeks faster, and returned to normal faster. 8 Cost, blood usage, and length of stay are all improved in the minimally invasive cardiac valve group.
Summary and conclusions
Our continuing experience at the Brigham and Women's Hospital has shown that minimally invasive valve surgery through small incisions is a way to decrease the morbidity and mortality of valve operations and improve overall results. There was a slight learning curve, which was mostly manifested by an increased length of operating time in the first 50 cases. However, once mastered, these techniques are no different in time and are less costly than operations performed through standard incisions. In addition, they appear to allow patients to recover faster. Even minimally invasive reoperations, in the aortic area are quite attractive for very complicated operations in elderly patients.
Though these operations have been very successful in improving results, we believe that they are just a step in the evolution toward more minimally invasive valvular surgical techniques that will further enhance patient outcomes by reducing trauma and recovery time after valve surgery. 
Common questions
Who are candidates for this procedure? In our experience, we have found that any patient with isolated aortic or mitral valve disease, and in some cases double valve disease, are candidates for this procedure if they do not have concomitant CABG surgery. In a very few instances, isolated right CABG surgery has been carried out when exposure was optimal through the minimally invasive incision. As stated in our original report, 8 patients who are extremely ill, (with New York Heart Association Class IV for valvular heart disease) and either a ruptured papillary muscle or extremely low cardiac output, should undergo very rapid operation through a complete sternotomy. However, recently, this approach has changed somewhat since cardiopulmonary bypass and ischemic times are now very similar to those done through a median sternotomy. Another group of patients that should not have the minimally invasive techniques are those who cannot have a transesophageal echo probe placed at surgery. Esophageal pathology mitigates TEE in very few patients. This is primarily because removal of intracardiac air depends on the use of TEE and the quality of operation must be monitored as well.
Is the incidence of postoperative atrial fibrillation more or less with the various approaches required for minimally invasive valve surgery? Unfortunately, it would appear that the incidence of atrial fibrillation is about the same as it is with conventional sternotomy, although originally we thought the incidence of atrial fibrillation might be less with the smaller incision, smaller cannula, and percutaneous insertion of various cannula. We now believe that this is not the case and the incidence of postoperative atrial fibrillation is similar to that in open operations, about 25%.
What is the efficacy of minimally invasive cardiac valve surgery? The efficacy of these operations is as good as those with large incisions, but there is still criticism from some who believe that the incision size hinders accuracy. After analyzing our long-term results over 6.5 years, we have found that reoperations are minimal (21/460 of the mitral valve surgeries and 5/500 of the aortic valve surgeries). The long-term freedom from reoperation after MVP is similar to many of the large series of valve repairs through larger incisions. 9, 10 In the aortic series, the reoperations have been due to either infection of valves or failed repairs, and not from perivalvar leaks.
Patients going to rehabilitation centers have been kept to a minimum and the length of hospitalization has been short, with most patients being discharged 4-6 days postoperation. Elderly patients, however, 
